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The work described herein is being performed by the General 
Electric Company under the sponsorship of the National Aeronautics 
and Space Administration under Contract NAS 3-2534. Its purpose, 
as outlined in the contract, is to evaluate materials suitable for 
potassium lubricated journal bearing and shaft combinations f o r  
use in space system turbogenerators and, ultimately, to recommend 
those materials most appropriate for such employment. 

R. G. Frank, Manager, Physical Metallurgy, Materials and 
Processes, is administering the program for the General Electric 
Company. L. B. Engel, J r . ,  D. N. Miketta, T. F. Lyon, and W. H. 
Hendrixson are directing the program investigations. The design 
for the friction and wear tester is being executed by H. H. Ernst 
and B. L. Moor. 

R. L. Davies of the National Aeronautics and Space Administration 
is the technical manager for this study. 
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The program reviewed i n  t h i s  f o u r t h  q u a r t e r l y  r e p o r t ,  cover ing  
a c t i v i t i e s  from January 22, 1964 t o  A p r i l  22, 1964, i s  performed 
under t h e  sponsorship of the  National Aeronaut ics  and Space 
Adminis t ra t ion .  Its purpose is  t o  e v a l u a t e  materials s u i t a b l e  f o r  
potassium l u b r i c a t e d  jou rna l  bear ing  and s h a f t  ap l i c a t i o n s  i n  
space  s y s t e m  turbogenera tors  opera t ing  over  a 400 F t o  1600 F 
temperature range. The c r i t i c a l  r o l e  of bear ings  i n  such s y s t e m s  
demands t h e  maximum r e l i a b i l i t y  a t t a i n a b l e  wi th in  t o d a y ' s  state- 
o f - the -a r t .  Achieving t h i s  r e l i a b i l i t y  r e q u i r e s  an i n t e r d i s c i -  
p l  i n a r y  approach employing t h e  best  mechanical des igns  of j o u r n a l  
bea r ings  combined wi th  t h e  s e l e c t i o n  of t h e  optimum m a t e r i a l s  t o  
s e r v e  as t h e  s t r u c t u r a l  m e m b e r s .  S a t i s f y i n g  t h i s  l a t t e r  r equ i r e -  
ment c o n s t i t u t e s  the  a i m  of t h i s  program. 

8 0 

A number o f  i n v e s t i g a t o r s  have conducted s t u d i e s  i n  t h i s  f i e l d  
and t h e i r  c o n t r i b u t i o n s  have advanced t h e  s t a t e -o f - the -a r t  con- 
s i d e r a b l y  (Section 'I1' pRef - '). Although t h e i r  work is  s i g n i f  i- 
c a n t ,  there are no common c r i te r ia  for a comparison of t h e  e x i s t -  
i n g  data. Therefore,  e s t a b l i s h i n g  a u n i f i e d  approach t o  t h e  
development and e v a l u a t i o n  of m a t e r i a l s  f o r  potassium l u b r i c a t e d  
bea r ing  a p p l i c a t i o n  i s  deemed e s s e n t i a l .  The program invo lves  a 
comprehensive i n v e s t i g a t i o n  of mater ia l  p r o p e r t i e s  adjudged re- 
q u i s i t e  t o  r e l i a b l e  jou rna l  bear ing  o p e r a t i o n  i n  t h e  proposed 
environment. T h i s  inc ludes :  1) c o r r o s i o n  t e s t i n g  of i nd iv idua l  
m a t e r i a l s  and p o t e n t i a l  bea r ing  couples i n  potassium l i q u i d  and 
vapor ,  2) de te rmina t ion  of ho t  hardness,  ho t  compressive s t r e n g t h ,  
modulus of e l a s t i c i t y ,  thermal expansion and dimensional s t a b i l i t y  
character is t ics ,  3)  wet t ing  tests by potassium, and 4) f r i c t i o n  
and wear measurements of s e l ec t ed  bea r ing  couples  i n  h igh  vacuum 
and i n  l i q u i d  potassium. 

Applying a compilation of e x i s t i n g  d a t a  on a v a i l a b l e  m a t e r i a l s ,  
cand ida te  m a t e r i a l s  have been s e l e c t e d  i n  coopera t ion  w i t h  t h e  cog- 
n i z a n t  NASA techn ica l  manager. The  materials reviewed f a l l  i n t o  
f o u r  broad c a t e g o r i e s  : 

Superalloys and r e f r a c t o r y  a l l o y s  
w i t h  and without s u r f a c e  t rea tment .  0 

Commercial metal bonded carbides. 

Ref rac tory  compounds such as s t a b l e  
oxides ,  carb ides ,  bo r ides  and n i t r i d e s .  0 

C e r m e t s  based on the  r e f r a c t o r y  metals 
and s t a b l e  ca rb ides .  0 
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Each material is being procured from appropriate suppliers to 
mutually acceptable specifications and subsequently will be sub- 
jected to chemical, physical and metallurgical analyses to doc- 
ument its characteristics before utilization in the program. After 
the documentation of processes and properties, the candidate 
materials will undergo corrosion, dimensional stability, thermal 
expansion, compression and hot hardness testing. Considering the 
bearing material requirements and the preliminary information ob- 
tained on materials subjected to both potassium and non-potassium 
testing, a number of materials combinations will be selected in 
cooperation with and subject to the approval of the NASA technical 
manager. Potassium corrosion and wetting tests and friction and 
wear measurements in high vacuum and liquid potassium will then 
proceed with these combinations. 

The ultimate product of this program will be a recommendation, 
substantiated with complete documentation, of the material o r  
materials which have the greatest potential for use in alkali 
metal journal bearings in high speed, high temperature, rotating 
machinery for space applications. Hopefully, the results will 
indicate the future course of alloy o r  material development 
specifically designed for alkali metal lubricated journal bear- 
ing and shaft combinations. 

-2- 



11. SUMMARY 

During the  f o u r t h  q u a r t e r  of t h i s  program, t h e  t o p i c s  a b s t r a c t e d  
below were covered and t h e  r e s u l t s  are i n t e r p r e t a t i v e l y  presented  
i n  t h i s  r e p o r t .  

Corrosion and dimensional s t a b i l i t y  test specimens f o r  13  of 
t h e  14  candida te  materials were ordered and procurement of the  
h o t  ha rdness ,  thermal expansion and compression specimens w a s  
i n i t i a t e d .  

One-hundred pounds of potassiumwen? rece ived  from MSAR Corpo- 
r a t i o n  of which 24.5 pounds were t r a n s f e r r e d  t o  a modified 25-pound 
c a p a c i t y  sh ipping  con ta ine r  and outgassed a t  315'F t o  450" i n  
p r e p a r a t i o n  f o r  r e p u r i f i c a t i o n  a t  General E lec t r ic .  The oxygen 
and metallic impur i ty  con ten t  i n  t h e  as-received potassium showed 
t h e  potassium t o  be of extremely h igh  p u r i t y ,  

F a b r i c a t i o n  of a l l  major components of t h e  i so the rma l  capsu le  
tes t  f a c i l i t i e s  and t h e  dimensional s t a b i l i t y  test  f a c i l i t i e s  w a s  
completed. One of t h e  5 i s o t h e m a l  capsu le  test f a c i l i t i e s  was 
assembled and instrumented wi th  6 Cb-1Zr alloy t es t  capeules  Con-' 
t a i n i n g  potassium and t h e  high vacuum chamber was evacuated i n  
p r e p a r a t i o n  f o r  t h e  checkout tests. 

The Chevenard d i l a t o m e t e r  was modified t o  enab le  t h e  ins t rument  
t o  be evacuated and b a c k f i l l e d  with h igh  p u r i t y  helium. 

Seve ra l  des ign  changes were incorpora ted  i n  t h e  l i q u i d  
potassium f r i c t i o n  and wear tester. The des ign  of t he  potassium 
immersion h e a t e r  w a s  changed from a f l a t  d i s c  type h e a t e r  t o  a 
f i r e - r o d  des ign  based on Watlow E lec t r i c ' s  s t a n d a r d . f i r e - r o d  h e a t e r  
e lement .  Bakeout h e a t e r s  and r a d i a t i o n  s h i e l d i n g  w e r e  added o u t s i d e  
of t h e  i n n e r  s t a i n l e s s  steel jacke t  which surrounds t h e  Cb-1Zr 
a l l o y  con ta ine r .  Cooling c o i l s  were added t o  t h e  o u t e r  s u r f a c e  of 
t h e  s h a f t  housing between t h e  main bea r ings .  The th i ckness  of t h e  
INCO 718 nonmagnetic diaphragm between t h e  magnets of t h e  magnetic 
c l u t c h  w a s  increased  from 0.016 inch  t o  0.026 inch  t o  provide a 
s u i t a b l e  s a f e t y  f a c t o r  i n  t h e  event of acc iden ta l  p r e s s u r e  l o s s  on 
one s i d e  of t h e  diaphragm. 

A h e a t  t r a n s f e r  a n a l y s i s  was i n i t i a t e d  f o r  t h e  f i n a l  des ign  
of t h e  l i q u i d  potassium test r i g .  C r i t i ca l  s h a f t  speed c a l c u l a t i o n s  
f o r  t h e  f i n a l  des ign  show a r a t i o  of 2.03 between t h e  f i r s t  c r i t i c a l  
and t h e  maximum test speed (Ncr/4800 rpm). 



The f a c i l i t y  requirements for the  l i q u i d  potassium f r i c t i o n  and 
wear tester have been f i n a l i z e d  and drawings are being prepared f o r  
submission to  t h e  NASA techn ica l  manager f o r  review and approval .  
The major items of t h e  f a c i l i t y  include:  1) potassium and i n e r t  gas 
p u r i f i c a t i o n  systems, 2) a u x i l i a r y  hea t ing  and coo l ing  equipment, 
3) environment chamber f o r  enc los ing  the  tester, 4) f a c i l i t y  f o r  
t r a n s f e r r i n g  the potassium t o  and from t h e  tester and 5) i n s t r u -  
mentat ion.  

Technical review meetings were he ld  w i t h  t h e  NASA techn ica l  
manager on February 19 ,  1964, and A p r i l  8,  9 ,  1 0 ,  1964. 



111. MATERIALS PROCUREMENT 

T e s t  F a c i l i t y  Raw Stock 

E i i r t y  dimensional s t a b i l i t y  test specimens (Figure 1, P a r t  2) 
were ordered ,  rece ived  and machined during t h e  r e p o r t  pe r iod  from 
a 1.260-inch diameter  x 48-inch long ba r  of unal loyed molybdenum. 
These specimens w i l l  be u t i l i z e d  t o  checkout t h e  thermal cha rac t e r -  
i s t ics  of t h e  dimensional s t a b i l i t y  t e s t  f a c i l i t y  and t o  e s t a b l i s h  
t e s t i n g  techniques.  The ma te r i a l ,  p rocurred  from t h e  Universal-  
Cyclops S t e e l  Corporat ion,  Br idgevi l le ,  Pennsylvania ,  was produced 
from hea t  number KDM 1206A. The c e r t i f i c a t e  of test  c e r t i f i e d  t o  
t h e  fo l lowing  chemical ana lys i s :  

Heat No. KDM 1206A Spec i f i ed  Maximums 

Carbon 330 ppm 400 ppm 

Oxygen 15 PPm 15 PPm 

Nitrogen 7 PPm 20 PPm 

Hydrogen 1 PPm 5 PPm 

Bearing Materials 

Table I summarizes t h e  procurement s t a t u s  of t h e  co r ros ion  and 
dimensional s t a b i l i t y  t e s t  specimens of t h e  materials being i n v e s t i -  
ga t ed  i n  t h i s  program. The fol lowing q u a n t i t i e s  of f i n i s h e d  spec i -  
mens as shown i n  F igu re  1 were ordered. 

Specimen Drawing and P a r t  No.  

Corrosion SK56131-232, P a r t  1 
Dimensional S t a b i l i t y  SK56131-232, P a r t  2 

-5 - 

Quant i t  y 

16 
10 



1. Corros ion  Tes t  Specimen 
a. 10-15 Microinch F i n i s h  A l l  Over 
b. Sur faces  A&B, C&D, E W  t o  be F l a t  & 

c. 
P a r a l l e l  Within 0.001 FIR 
Del inea ted  Right Angles a r e  90°f 30 Min. 

0.897 

0.803 
0.797 

Surf "E" Surf "F" 

Surf "D" 

2. Dimensional S t a b i l i t y  Tes t  Specimen 
a .  10-15 Microinch F i n i s h  A l l  Over 
b. Sur faces  A&B, C&D, E&F, t o  be F l a t  & 

c.  
P a r a l l e l  Within 0.002 FIR 
Del inea ted  Right Angles A r e  90°+ 15 Min. - 

Surf "A'* 1 ;:;5; +"I" "B" 

-L 0.147 
. 

0.143 Dia' 

3.-A. Thermal Expansion Tes t  Specimen 
a. 10-15 Microinch F i n i s h  Sur faces  A&B, 

b. Sur faces  A&B t o  be  P a r a l l e l  & F l a t  

c .  

A l l  Other Surfaces 63 Microinch F in i sh  

Within 0.001 FIR 
Del inea ted  Right Angles A r e  90°f 30 Min. 

Surf "B" 
0.147 
0.143 

Surf "A" 

, , TJk E:::: 
3-B.Therma1 Expansion Tes t  Specimen 

a. 10-15 Microinch F i n i s h  Surfaces  A&B, 

b. Sur faces  A&B t o  be P a r a l l e l  & F l a t  

c. 

A l l  Other Sur faces  63 Microinch F i n i s h  

Within 0.001 FIR 
Del inea ted  Right  Angles t o  be 90'2 30 M i n .  

;:;;5''A''l Surf "B" 

Oi49;lI , , =Surf "E" 

0.495 
Surf "c" Surf "D" 

4. H o t  Hardness Tes t  Specimen 
a. 10 Microinch F i n i s h  Surfaces  A&B 
b. A l l  Other Surfaces  63 Microinch F i n i s h  

c. Sur faces  A&B, C&D, E&F t o  be F l a t  & 

d. 

Sur faces  C&D, E&F 

P a r a l l e l  Within 0.001 FIR 
Del inea ted  Right  Angles are 90 2 Min. 

0.035 
0.020 

Spher i ca l  
Rad. 

5. F r i c t i o n  & Wear Tes t  Specimen 
a .  Microinch F i n i s h  a t  A r e a  "A" t o  be 

S p e c i f i e d  - A l l  Other Surfaces  63 
Microinch F i n i s h  

6. F r i c t i o n  & Wear Tes t  Specimen 
a. Microinch F i n i s h  Surfaces  "A"&"B" t o  be 

- S p e c i f i e d  - A l l  Other Sur faces  63  Micro- 
Inch F i n i s h  

Within 0.001 FIR 
Del inea ted  Right  Angles A r e  90°+ 30 Min. 
D i a  "C" t o  be Square With Surfaces  "A" & 
"B" Within 0.002 FIR 

b. Su r faces  A&B to  be P a r a l l e l  & F l a t  

c. 
d.  

-0.158 
0.154 

Figure 1. Dimensions of Test Specimens to be Used for Corrosion, 
Dimensional Stability, Hot Hardness, Thermal Expansion, 
and Friction and Wear Test Programs. 
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Provisions were also made to hold sufficient material of the same 
lot of powder to produce the following quantities of bearing test 
specimens (Figure 1) at a later date under option of the General Electric 
Company : 

Specimen Drawing and Part No. Quanti t v 

Corrosion SK56131-232, Part 1 60 

Thermal Expansion SK56131-232, Part 3-A 3 

Hot Hardness SK56131-232, Part 4 3 

Rider SK56131-232, Part 5 180 

Plate SK56131-232, Part 6 70 

Compression SK56131-401, Part 1 25 

The wrought materials, purchased as bar stock, will be fabricated by 
a separate machining vendor into finished test specimens. The 16 
corrosion specimens will be machined from 0,437-inch diameter x 48- 
inch long bar stock and the 10 dimensional stability specimens from 
1.250-inch diameter x 36-inch long bar. Because of the reproducibility 
inherent in the wrought materials, it was considered technically and 
economically justifiable not to hold additional wrought materials from 
the same heat for possible future testing. 

The TZM molybdenum alloy and the unalloyed tungsten, received at 
General Electric near the end of the quarter, were shipped immediately 
to Dawson Carbide Industries, Detroit, Michigan, for machining into 
finished specimens, 

Final inquiries for the procurement of the thermal expansion, hot 
hardness and compression test specimens were forwarded to the vendors 
in April. Again, the wrought materials, TZM and tungsten, will be 
procured as bar stock. The quantity of specimens and the size of the 
bar stock required are: 

Barstock Dimensions 
Number of Diameter, Length, 

Specimen Specimens Inches Inches 

Thermal Expans ion 3 0.187 12 

12 0.750 Hot Hardness 3 

Compression 10 1.560 36 
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A similar number of f i n i s h e d  specimens w i l l  be obta ined  f o r  t h e  
powder metallurgy materials. 

Pot ass ium 

One-hundred pounds of potassium were ordered from t h e  Mine, S a f e t y  
and Appliance Research Corporat ion and rece ived  i n  sh ipping  c o n t a i n e r  
No. D-80. The chemical a n a l y s i s  of the potassium, fu rn i shed  by E A R ,  
and obtained by spec t rographic  techniques a t  NUMEC, is l i s t e d  i n  
Table 11. The oxygen, analyzed by t h e  mercury amalgamation method 
a t  MSAR, a l so  i s  shown i n  Table 11. 

Upon rece ip t  a t  General Electr ic ,  24.5 pounds of t h e  potassium were 
t r a n s f e r r e d  under argon p res su re  a t  approximately 225OF t o  a 25- 
pound capac i ty  sh ipping  c o n t a i n e r  f o r  ease i n  handl ing.  P r i o r  t o  
t r a n s f e r r i n g  t h e  potassium, t h e  smaller sh ipping  con ta ine r ,  pur- 
chased from MSAR, w a s  disassembled, c leaned ,  new bellows-sealed L- 
shaped valves i n s t a l l e d ,  equipped w i t h  a l i q u i d  l e v e l  probe,  re- 
assembled and helium leak  checked. A sample of t h e  potassium was 
taken during the  t r a n s f e r  ope ra t ion  f o r  chemical a n a l y s i s ,  t h e  re- 
s u l t s  of which a r e  given i n  Table 11. 

Most elements were below t h e  d e t e c t a b l e  l i m i t s  i n  both ana lyses  
and i t  w i l l  be impossible  t o  d e t e c t  any reduct ion  i n  impur i ty  
l e v e l s  as a r e s u l t  of t he  d i s t i l l a t i o n  ope ra t ion ;  however, con- 
tamina t ion  due t o  t h e  d i s t i l l a t i o n  and hot t r app ing  may be detec-  
t a b l e  i f  i t  occurs.  Also,  i t  should be noted t h a t  t he  potassium 
w a s  handled i n  s t a i n l e s s  steel  con ta ine r s  a t  both General Electr ic  
and t h e  vendor p l a n t .  
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TABLE 11: CHEMICAL ANALYSES OF POTASSIUM (Container D-80) 

Chemical Analysis, ppm 
Element Vendor GE 

Boron 
Cobalt 
Manganese 
A1 umi num 
Magnesium 
Tin 
Copper 
Lead 
Chromium 
Silicon 
Ti t an ium 
Nickel 
Molybdenum 
Vanadium 
Beryl 1 ium 
Silver 
Z i r c on ium 
S t ront ium 
Barium 
Calcium 
Sodium 
Columbium 

11 
12 
i10 
4 5  
1 

L 2  
4 

( 5  
4 

( 5  
4 5  
25 

4 5  
4 5  
( 3  
< 1  
( 1  
(1 
(10 
( 1  
( 3  
11 
25 

(1) Oxygen analyzed using mercury amalgamation method. 

(2) Metallic elements analyzed from KC1 using spectro- 
graphic techniques. 
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IV .  TEST FACILITIES 

Potassium P u r i f i c a t i o n  

The cons t ruc t ion  and vacuum checkout of t he  e n t i r e  p u r i f i c a t i o n  
sys tem,  inc luding  the  t r a n s f e r  c o n t a i n e r ,  s t i l l ,  ho t  t r a p  and helium 
p u r i f i c a t i o n  system, were completed; the t r a n s f e r  con ta ine r  was f i l l e d  
w i t h  24.5 pounds of potassium from sh ipping  con ta ine r  No. D-80, and 
the  potassium subsequently was outgassed f o r  approximately 2 hours a t  
315OF t o  450OF. The system w i l l  be moved i n t o  a v e n t i l a t e d  enc losure  
and p u r i f i c a t i o n  of the  f i r s t  batch of potassium is  scheduled f o r  
completion the  second week of May. 

Corrosion 

The f a b r i c a t i o n  of a l l  major p a r t s  f o r  t he  isothermal  cor ros ion  
t e s t  f a c i l i t y ,  descr ibed i n  the Quar te r ly  Progress  Report No, 3 , (Ref :  2), 
was completed. A l l  drawings of the  test  f a c i l i t y  were approved by the  
NASA techn ica l  manager on February 5 ,  1964. Figure 2 shows one of t he  
molydenum suscep to r s ,  t h e  upper and lower a x i a l  hea t  s h i e l d s ,  t h e  lower 
r a d i a l  hea t  s h i e l d s ,  t h e  tantalum s t r i p - h e a t e r  assembly, t h e  h igh-pur i ty  
alumina thermocouple terminal-blocks pos i t ioned  i n  the  Type 304% sup- 
p o r t  t a b l e ,  and the  Type 304SS heater-support  t a b l e  w i t h  molybdenum 
p i n s ,  

Twenty-four Cb-1Zr a l l o y  capsules were machined and t h e  bottom end 
caps  TIC welded i n  p l ace  according t o  General E l e c t r i c  s p e c i f i c a t i o n  
SPPS-3B, ' be ld ing  of Columbium-1% Zirconium by the  I n e r t  G a s  Tungsten 
A r c "  (See Figure 3). S i x  of t h e s e  capsu le s  w e r e  loaded with potassium 
as descr ibed  i n  the  Q u a r t e r l y  Progress  Report .No. 3 (Ref:  2, and sea l ed  
under vacuum by e l e c t r o n  beam welding techniques.  The s i x  capsule  
welds  w e r e  inspec ted  by radiographic  techniques and the  capsules  i n s e r t e d  
i n  one of t h e  molydenum susceptor blocks i n  p repa ra t ion  f o r  t he  checkout 
tests. Subsequently,  t he  susceptor  and capsules  were instrumented w i t h  
P t  vs  Pt+l%Rh thermocouples. D e t a i l s  of the  ins t rumenta t ion  w i l l  be 
r epor t ed  wi th  the  r e s u l t s  of t h e  checkout tests. A t  t he  end of t h i s  
r e p o r t i n g  pe r iod ,  t he  vacuum sys tem w a s  c losed  and the  p re s su re  w a s  
6.2 x 10-8 t o r r  as measured by a tubu la r  Bayard-Alpert i o n i z a t i o n  
gauge loca ted  on the  test chamber. 

Dimensional S t a b i l i t y  

Fabr i ca t ion  of a l l  major p a r t s  f o r  t h e  dimensional s t a b i l i t y  tes t  
f a c i l i t y ,  descr ibed i n  the Quar te r ly  Progress  Report No. 3 (Ref: 2), was 
completed. A l l  drawings of the t e s t  f a c i l i t y  w e r e  approved by t h e  NASA 
t e c h n i c a l  manager on February 5 ,  1964. 
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Figure 3. Machined and Cleaned Cb-1Zr.Alloy Capsules After TIG 
Welding B o t t o m  0.080-Inch Thick End-Cap t o  1-Inch OD 
x 0,080-Inch Thick Wall Seamless Tube. N o t e  Electron 
Beam Weld-Prep on Top End of t h e  Tube. 
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Thermal Expans ion  

Glass valves were fused  t o  t h e  two Chevenard d i l a tome te r  q u a r t z  
specimen holders  t o  enable  t h e  evacuat ion and b a c k - f i l l i n g  of t h e  
tubes ,  providing an i n e r t  atmosphere f o r  t h e  thermal expansion tests. 
The d e l i c a t e  t r i p o d  mechanism t h a t  transmits t h e  expansion of t h e  
sample t o  the record ing  c h a r t  w a s  d ismantled,  thoroughly c leaned ,  re- 
assembled and seve ra l  r o u t i n e  t e s t  runs w e r e  made t o  ensure  proper  
mdignment of t h e  mechanical l i nkage  s y s t e m .  A t r i a l  run wi th  a Cb- 
1Zr a l l o y  specimen i n  t h e  i n e r t  atmosphere w i l l  be made t h e  f i r s t  
week i n  May. 

F r i c t i o n  and Wear i n  Liquid Potassium 

Several  design changes w e r e  incorpora ted  i n t o  t h e  l i q u i d  potas-  
sium f r i c t i o n  t e s t e r ;  t h e  o r i g i n a l  conf igu ra t ion  w a s  shown i n  F igure  
16  of Quar t e r ly  Progress  Report No.  3 'I. These changes de- 
s c r ibed  i n  more d e t a i l  i n  l a t e r  s e c t i o n s  of t h i s  r e p o r t  are l i s t e d  
below. 

The th ickness  of t h e  Inco 718 nonmagnetic diaphram 
between t h e  magnets of t h e  magnetic c l u t c h  w a s  in -  
c r eased  from 0.016-inch t o  0.026-inch t o  provide  a 
s u i t a b l e  s a f e t y  f a c t o r  i n  t h e  event  of acc ident -  
i a l  p re s su re  l o s s  on one s ide  of t h e  diaphragm. 

The potassium sump h e a t e r ,  i t e m  50, F igure  16  

p l e  f i re - rod  design.  
2),was changed from a s tacked  d i s c  t o  a mul t i -  

Bakeout h e a t e r s  and r a d i a t i o n  s h i e l d i n g  w e r e  added 
o u t s i d e  of t h e  s t a i n l e s s  s teel  s h e l l  which 
surrounds t h e  Cb-1Zr a l l o y  con ta ine r .  

A coi led- tube  coo l ing  channel was added t o  t h e  
o u t e r  su r f ace  of t he  s h a f t  housing between t h e  
main bear ings.  

C r i t i c a l  SDeed Calcula t ions .  Since s h a f t  dimensions have been 
f i x e d ,  t h e  c r i t i c a l  speeds of t h e  s h a f t  w e r e  reanalyzed t o  be as- 
sured  t h a t  t he  prev ious  paramet r ic  s t u d i e s  (Ref* ') w e r e  v a l i d .  
The r e su l t s  a r e  shown i n  Table 111. 
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TABLE 111: CRITICAL SHAFT SPEEDS FOR FRICTION AND WEAR TESTERS 

Shaf t  D i s t .  Between Bearing 
Overhang Bearings , Def 1 ec t ion , Ncr , RTgY 

Tester Length ,Inches Inches ~ InchedLb .  rPm /48QO rPm 

11.70 8.00 1 x 8200 1 .71  Vacuum 

Vacuum 11.70 8.00 5 x 9400 1.96 

Vacuum 11.70 8.00 1 x 8150 1.70 

Pot as s ium 7.63 8.00 1 x 9740 2.03 

(1 1 

(1) Heat t r a n s f e r  i n t e r f e r e n c e  holes  a t  f r e e  end of s h a f t  were 
considered. 

The r a t i o s  of c a l c u l a t e d  N c r  t o  maximum ope ra t ing  
are cons idered  to be v e r y  s a t i s f a c t o r y .  I t  should be 
c r i t i c a l  speeds r epor t ed  i n  Table I 
i n  Q u a r t e r l y  Progress Report No. 1; 
l a t t e r  va lues  w e r e  based on an es t imated  design. 

speed of 4800 rpm 
noted t h a t  t h e  
those  r epor t ed  
because t h e  

S t r e s s  Analys is  of Nonmagnetic Diaphragm.. S t r e s s  a n a l y s i s  of t h e  
nonmagnetic diaphragm between the  two magnets of t h e  magnetic c l u t c h  
found t h e  design of t h e  diaphragm t o  be . adequa te  f o r  t h e  planned pres-  
s u r e  d i f f e r e n t i a l  of 10 p s i ;  however, f o r  an a c c i d e n t i a l l y  imposed 
maximum p r e s s u r e  d i f f e r e n t i a l  of 50 p s i ,  t h e  des ign  is marginal.  By 
i n c r e a s i n g  t h e  minimum allowable diaphragm w a l l  t h i ckness  from 0.016- 
inch  t o  0.026-inch and r ep lac ing  t h e  p a r a b o l i c  s e c t i o n  of t h e  diaphragm 
w i t h  an e l l i p s o i d ,  t h e  minimum s a f e t y  f a c t o r  of 1 .68  w a s  achieved a t  
t h e  i n n e r  s u r f a c e ,  a t  t h e  maximum diameter of t h e  e l l i p s o i d .  S a f e t y  

based upon t h e  following: 

i nne r  su r face  a x i a l  stress ( p s i )  

-28,830 p s i  

i nne r  su r face  c i r cumfe ren t i a l  stress ( p s i )  

60,700 p s i  

i nne r  su r face  e f f e c t i v e  stress ( p s i )  
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d a = maximum al lowable stress (ps i )  

= .2% Y.S. of Inconel 718 a t  400°F 

= 133,000 p s i  

F.S. = - 6 a  = 133,000 = 1.68 (based upon 0.2% y i e l d  s t r e n g t h )  6 e i  ,160 

The decreased normal d e f l e c t i o n s  r e s u l t i n g  from t h e  redes ign  w i l l  
al low t h e  gap between t h e  magnets t o  be decreased and allow t h e  magnetic 
c l u t c h  t o  ope ra t e  wi th  g r e a t e r  e f f i c i e n c y .  

Potassium Immersion Heater. The potassium immersion h e a t e r  is  one of 
t h e  most c r i t i c a l  components of t h e  tester. Considerable  e f f o r t  w a s  taken 
t o  r e so lve  t h e  e x i s t i n g  design and i d e n t i f y  a q u a l i f i e d  vendor t o  f a b r i c a t e  
t h e  hea t ing  elements.  The o r i g i n a l  des ign  concept ,  i .e . ,  s i n g l e  h e l i c a l l y  
c o i l e d ,  Cb-1Zr a l l o y  sheathed,  ceramic i n s u l a t e d  hea t ing  elements ,  w a s  not  
considered f e a s i b l e  by seve ra l  experienced vendors. An a l te rna te  des ign ,  
i . e . ,  double s tacked ,  Cb-1Zr a l l o y  c l a d ,  ceramic i n s u l a t e d  f l a t  d i s c s ,  i s  
shown as i t e m  50, Figure 16 (Ref* 'I. 
e i g h t  vendors of which only one agreed t o  a t tempt  f a b r i c a t i o n  of t h e  
h e a t e r  on a development b a s i s  and a t  cons ide rab le  c o s t .  

Quo ta t ions  were reques ted  from 

The Watlow Electr ic  Manufacturing Company, S t .  Louis, Missouri ,  
w a s  v i s i t e d  and, from t h e  ensuing d i scuss ions ,  i t  appears t h a t  t h e i r  
modified,  s tandard  f i r e - r o d  hea te r  des ign ,  as shown i n  F igure  4, would 
be s u i t a b l e  f o r  t h e  intended a p p l i c a t i o n  and a l s o  would be reasonable  
i n  c o s t .  However, t h i s  design has no t  been approved by t h e  NASA 
techn ica l  manager. P a r t i a l  f a b r i c a t i o n  ope ra t ions  w i l l  be performed 
by t h e  Watlow Electric Manufacturing Company, and o t h e r s  by t h e  General 
Electr ic  Company. The planned h e a t e r  f a b r i c a t i o n  sequence (Refer t o  
F igure  4) i s  as fol lows:  

A Cb-1Zr a l l o y  end p lug  ( i tem 1) is welded (GE) t o  
a 0.600-inch OD x 0.047-inch t h i c k  w a l l  Cb-1Zr a l l o y  
tube  ( i t e m  2) .  

A 5/8-inch OD Type 304SS tube  ( i tem 3)  is  welded 
(GE) t o  a Type 304SS vacuum f l a n g e  ( i t e m  4) and t o  
t h e  Type 304SS s i d e  of a Type 304SS-to-Cb-1Zr a l l o y ,  
b i m e t a l l i c ,  tongue and groove brazed j o i n t  (GE) 
( i t e m  5 ) .  A 3/4-inch OD x 0.049-inch t h i c k  w a l l  
Cb-1Zr a l l o y  tube ( i t e m  6)  is  welded (GE) t o  t h e  
Cb-1Zr a l l o y  s i d e  of t h e  bimetal  j o i n t .  

Two 3/16-inch diameter  pu re  N i  power l e a d s  ( i t e m  81, 
which change t o  #10 pure  Cu l e a d s  ( i t e m  9)  i n  t h e  
v i c i n i t y  of t h e  b i m e t a l l i c  j o i n t  ( i t e m  51, are in-  
s e r t e d  (Watlow) i n  t h e  5/8-inch OD Type 304SS and 
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4) 

The h e a t e r  

3/4-inch OD Cb-1Zr a l l o y  tubes and MgO i n s u l a t i o n  i s  
packed (Watlow) i n t o  t h e  tube  assembly. The i n s u l a t i o n  
is  f u r t h e r  compacted where p o s s i b l e  by swaging (Watlow). 
The b i m e t a l l i c  j o i n t  and Cu l e a d s  are above t h e  l i q u i d  
potassium pool ,  i n  a reg ion  cons iderably  coo le r  than  
t h e  1600 F maximum temperature and are exposed only  t o  
t h e  He-K vapor. The N i  wires ( i t e m  8) extend o u t s i d e  
t h e  bottom end of t he  ver t ical  Cb-1Zr a l l o y  tube  ( i t e m  6) 
and are formed (Watlow) i n t o  c i rc les  capable  of f i t t i n g  
i n s i d e  t h e  Cb-1Zr a l loy  t o r u s  ( i t e m  7). 

0 

I t e m  10 ,  a nichrome hea t ing  element s p i r a l l y  wound over 
a s o l i d  BN (i tem 16)  ceramic co re ,  wi th  pure N i  l e a d s  
( i tem 11) pro tuding  from one end ,wi l l  be f a b r i c a t e d  by 
Watlow. This element ( i t e m  10) is  p laced  i n s i d e  a 
0.600-inch OD Cb-1Zr a l l o y  tube ( i t e m  2) and vibro-  
packed wi th  BN ( i t e m  16) i n s u l a t i o n  (Watlow). The as- 
sembly i s  compacted f u r t h e r  by swaging (Watlow). About 
3 inches of t h e  3.75-inch l e n g t h  of t h e  element w i l l  be 
heated i n  opera t ion .  

A Cb-lZr a l l o y  t o r u s  ( i t e m  7)  i s  formed, seven 112-inch 
diameter  ho les  are d r i l l e d  a t  45 i n t e r v a l s  i n t o  i t s  
upper su r face ,  and the upper s u r f a c e  is  cut  through t h e  
holes  (GE). 

0 

The h e a t e r  wires (item 11) are welded (GE) t o  t h e  N i  
l e a d  wires (i tem 8) a t  t h e  proper  spacing,  a f t e r  
s t r i n g i n g  s o l i d  A1203 beads ( i t e m  12) a v e r  
t h e  l e a d  wires between t h e  h e a t e r  elements f o r  in -  
s u l  a t  ion .  

The upper su r face  of t h e  t o r u s  ( i t e m  7) is opened ,and  
t h e  l e a d  wires ( i tem $ ) ,wi th  t h e  h e a t e r  element as- 
semblies  a t t ached ,a re  pos i t i oned  (GE). Subsequently,  
t h e  t o r u s  is s e a l e d  by TIG welds (GE) ( i t e m  13) and 
is jo ined  t o  t h e  3/4-inch OD Cb-1Zr a l l o y  v e r t i c a l  
tube ( i t e m  6) by TIG welding ( i tem 14) (GE). 

An ant i -vor tex  b a f f l e  ( i t e m  15)  w i l l  be f a b r i c a t e d  
(GE) from Cb-1Zr a l loy .  To remove and r e p l a c e  t h e  
test  specimens from the  s h a f t  of t h e  tester, t h e  
b a f f l e  must be e a s i l y  removed. This is  accomplished 
by r e s t i n g  t h e  b a f f l e  on t h e  tops  of two h e a t e r  rods ,  
lSOo opposed. 

is designed f o r  lohg s e r v i c e  l i f e  a t .  a power capac i ty  of 
10 KW; however t h r e e  h e a t e r  assemb;lies w i l l ,  be f a b r i c a t e d  to provide 

. .  
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Cb-1Zr Alloy End-Plug 
Cb-1Zr Alloy Wall Seamless Tube 
Type 304SS Tube 
Type 304SS Vacuum Flange 
Cb-1Zr Alloy t o  Type 304SS Brazed J o i n t  
Cb-1Zr Al loy  W a l l  Seamless Tube 
Cb-1Zr Alloy Wall Seamless Tube 
N i  Power Leads 
Cu Power Leads 
Nichrome V Wire over  BN Core 
N i  Power Leads 
A 1  0 Electrical  I n s u l a t o r s  
TI8 g e l d  
TIG W e 1  d 
Cb-1Zr Alloy Anti-Vortex B a f f l e  
BN 

C 
C 
C 

4 5.75 

F i g u r e  4. Po ta s s ium Immersion Heater (10 KW) f d r  F r i c t i o n  and 
Wear T e s t e r .  
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backup and prevent  long f a c i l i t y  downtime i f  t r o u b l e  should occur .  
The h e a t e r s  should withstand the planned 50 p s i  helium cover p r e s s u r e ,  
which i s  expected t o  suppress  nuc lea t ion  of potassium bubbles and 
prevent  burnout of t he  h e a t e r s .  

Bakeout Heater. Figure 5 shows a bakeout hea te r  which w i l l  be 
brazed t o  the  o u t e r  su r f ace  of the inne r  w a l l  of t he  double w a l l ,  Type 
304SS j a c k e t  t h a t  surrounds the  Cb-1Zr a l l o y  con ta ine r .  Two sepa ra t e  
heater c i r c u i t s  w i l l  be incorporated f o r  r e l i a b i l i t y ,  s i n c e  the  double 
wa l l  s t a i n l e s s  steel j a c k e t  w i l l  be welded toge the r  and evacuated,  
making replacement a major problem. Each h e a t e r  element w i l l  be about 
75- fee t  long and c o n s i s t s  of a s i n g l e  Nichrome h e a t e r  element surrounded 
by ceramic i n s u l a t i o n  and a l/S-inch OD s t a i n l e s s  steel shea th .  One 
c i r c u i t  w i l l  e n t e r  t he  evacuated s t a i n l e s s  steel j a c k e t  through a 
vacuum feed-through, s p i r a l  around a f o u r t h  of the  bottom su r face  area, 
s p i r a l  t o  t he  top  of t he  chamber a t  a lead of two wires/ inch i n  the  
r eg ion  of the  potassium sump, turn  180° a t  t h e  top of the  chamber, 
s p i r a l  downward between the  wires  going up,  s p i r a l  around a f o u r t h  
of t he  bottom su r face  area, and e x i t  through the  vacuum feed-through. 
The second c i r c u i t  w i l l  f i l l  the  spaces  between the  w i r e s  of t he  
f i r s t  c i r c u i t .  

The heater raises the  temperature of t he  inne r  s t a i n l e s s  steel 
w a l l  t o  500" t o  700°F and w i l l  evaporate  the  r e s i d u a l  potassium from 
t h e  sump and a l s o  i n  the  space between the Cb-1Zr  a l l o y  con ta ine r  
and the  i n n e r  su r face  of the  s t a i n l e s s  steel j a c k e t .  The conductance 
of the  flow pa th  involved was ca l cu la t ed  and i s  bel ieved t o  be satis- 
f a c t o r y .  Prel iminary vendor con tac t s  have v e r i f i e d  the  f e a s i b i l i t y  
of t he  des ign  and have ind ica ted  t h a t  t he  700°F temperature can be 
achieved.  

Heater e f f i c i e n c y  w i l l  be improved by the  i n s t a l l a t i o n  of crimped- 
f o i l  r a d i a t i o n  s h i e l d s ,  pos i t ioned  ad jacent  to  the  inner  wal l  of t he  
o u t e r  s t a i n l e s s  steel jacket. 

Cooling Channels. Cooling channels were designed with c a l c u l a t i o n s  
based on a h e a t  removal capac i ty  of 5 KW f o r  each channel ,  exceeding 
expected requirements (Figure 6). The channels  were added t o  the  o u t e r  
s u r f a c e  of the  s h a f t  housing and performance checked for cool ing  
c a p a c i t y  and p res su re  l o s s e s ,  using Dowtherm A as the  coo lan t .  The ca l -  
c u l a t e d  p res su re  losses are l i s ted  below: 

Channel Pressure Loss, p s i  Tin," Tout,  "F 
~ 

A 

B 

C 

D 

2.7 

4.7 

0.2 

0 .1  
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Sight Port- 

Loading Arm-Ports 

1/8-Inch OD SS Sheath Over 
an Insulated Nichrome 
Heating Element 

- 

v - Type 304L SS Outer Wall of 
JDouble Wall Chamber 

Circuit NO. 1 

I Circuit No. 2 

/--&L-- --1 

Vacuum 

Figure 5. Location of Bakeout Heater Coils on Friction and 
Wear Tester. 

-22- 

I 
8 
1 
I 
I 
1 
I 
I 
1 
1 



Main Shaft Bearin 

Cooling Channel B 

Cooling Channel A 

Primary Flange 

Figure 6. Cooling Channels in Liquid Potassium Friction and 
Wear Tester. 
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Channel A w a s  baff1e.d t o  provide twelve a x i a l  passes  of the  f l u i d  
through the channel volume. 

Dowtherm A b o i l s  a t  500°F and cokes a t  750°F, and t h e r e f o r e ,  does 
n o t  a l low these  same channels  t o  be used very e f f i c i e n t l y  f o r  hea t ing  
du r ing  evacuation of t he  tester o r  evaporat ion of t he  potassium. 

The use of a dense o i l  which would withstand temperatures  above 
750°F and e l e c t r i c a l l y  .heated a i r  a r e  being considered.  However, such 
o i l s  become very viscous a t  t h e  cool ing temperatures des i r ed  and the 
p res su re  drops inc rease  by seve ra l  o rde r s  of magnitude. The comparative 
m e r i t s  of both of these approaches must be eva lua ted  i n  more d e t a i l .  

A n  add i t iona l  t h i n  cool ing  channel ,  which surrounds the  o u t s i d e  of 
t he  tester i n  the  p lane  of t h e  loading  arms, i s  designed to  p r o t e c t  the  
load arm bearings from l u b r i c a n t  evapora t ion  dur ing  opera t ion .  

H e a t  Transfer  Analysis.  A hea t  t r a n s f e r  a n a l y s i s  of t he  f i n a l  
des ign  of t he  i n t e r n a l  tester components was i n i t i a t e d  t o  prove the  
e f f e c t i v e n e s s  of t he  cool ing  channels  i n  maintaining acceptab le  main s h a f t  
bear ing  temperatures.  Resu l t s  may very w e l l  be l i m i t e d  to  a paramet r ic  
s tudy ,  s ince  the  computor program, being used,  i s  l imi t ed  i n  i ts  a b i l i t y  
t o  a l low f o r  r a d i a t i o n .  

Drive Motor. A 5 HP s i l i c o n - c o n t r o l l e d - r e c t i f i e r  e l e c t r i c  motor 
was ordered. The motor provides  f o r  1% speed r e g u l a t i o n ,  cons t an t  
to rque  from 50-2500 rpm (100-5000 rpm a t  the tester s h a f t  w i t h  a 
2 : l  r a t i o  b e l t  d r i v e ) ,  cu r ren t - l imi t ed  a c c e l e r a t i o n  c o n t r o l ,  nonreversing 
r o t a t i o n  and dynamic braking.  

The acce le ra t ion  response t i m e  of t he  components a t tached  t o  the  
d r i v e n  magnet was ca l cu la t ed  t o  be s u f f i c i e n t l y  f a s t  t o  prevent  
overspeed of the  d r i v i n g  magnet. This  i s  important ,  s i n c e  a s m a l l  r e l a t i v e  
speed d i f f e r e n t i a l  between the  magnets r e s u l t s  i n  demagnetization of t he  
magnets and subsequent f a c i l i t y  shutdown f o r  component replacement.  

T e s t  F a c i l i t y .  The f r i c t i o n  and wear tester and the  a s soc ia t ed  
f a c i l i t y  f o r  t e s t i n g  wi th  l i q u i d  potassium w i l l  be i n s t a l l e d  i n  an 
i s o l a t e d ,  a i r -condi t ioned ,  l abora to ry  area connected t o  a 9000 CFM 
fume scrubber system. A schematic of t h i s  i n s t a l l a t i o n  is  shown in  
Figure  7 and a layout  of t he  f a c i l i t y  is shown i n  Figure 8 . .  Supporting 
f a c i l i t i e s  f o r  t he  test r i g  c o n s i s t  of the fol lowing:  

1) Potassium and i n e r t  gas  p u r i f i c a t i o n .  

2 )  Auxil iary hea t ing  and cool ing  equipment. 

3) Environment chamber f o r  enc los ing  the  tester. 
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4) F a c i l i t y  f o r  t r a n s f e r r i n g  potassium t o  and from 
t h e  tes ter .  

5) Liquid l e v e l  measurement. 

6) Safe ty .  

1) Potassium and I n e r t  G a s  P u r i f i c a t i o n .  

High-purity grade potassium w i l l  be purchased and p u r i f i e d  accord- 
i n g  t o  procedures descr ibed i n  de ta i l  i n  Q u a r t e r l y  Progress  Report 
N o .  2 (Ref* 3, and de l ivered  t o  the  test area f o r  charg ing  i n t o  
the  25-pound capac i ty  ho t  t r a p ,  permanently a t t a c h e d  t o  t h e  t es t  
r i g .  A f t e r  t r a n s f e r ,  t h e  potassium w i l l  be r e p u r i f i e d  f o r  
approximately 50 hours a t  1400OF. 

The he l ium gas ,  used f o r  the environment chamber and a s  cover gas 
f o r  the  tester,  w i l l  be p u r i f i e d  cont inuous ly  as described prev- 
i o u s l y  i n  Q u a r t e r l y  Progress Report No .  2 (Ref- 3). The i n e r t  
gas  supply and p u r i f i c a t i o n  s y s t e m  i s  shown as items 13 and 1 4  
of Figure 8. 

2) Aux i l i a ry  Heating and Cooling Equipment. 

A heat exchanger ( i t e m s  4 and 5 of F igure  8) w i l l  be mounted i n  
t h e  test area near  t h e  f r i c t i o n  tester t o  provide coo l ing  f l u i d  
for t h e  tester f l a n g e s ,  bearings and p i v o t  arm mounts and h e a t i n g  
f l u i d  f o r  bakeout of t h e  t e s t e r  du r ing  outgass ing  and evacuation. 
The a u x i l i a r y  heater and cooler  c a p a c i t y  c o n t r o l s  are covered i n  
General E l e c t r i c  Spec i f i ca t ion  SP-FS11, "Auxiliary Heating and 
Cooling System", 
polphenyl e ther  w i t h  a low vapor p re s su re  and high au to - ign i t ion  
tempera ture .  

The  c i r c u l a t i n g  f l u i d  i s  a high tempe'rature 

3) Environment Chamber. 

The environment chamber (item 9 of F igure  8) enc loses  t he  re- 
movable bottom p o r t i o n  of t h e  f r i c t i o n  tes te r  and c o n s i s t s  of 
4 s i g h t  g l a s s e s ,  5 glove p o r t s ,  vacuum i n t e r l o c k  loading-chamber, 
tester f l a n g e  and suppor t  f i x t u r e .  

The i n e r t  atmosphere chamber i s  a t t ached  t o  t h e  test  r i g  by means 
of a s t anda rd  grooved, rubber O-ring vacuum f l a n g e .  This arrange- 
ment pe rmi t s  t h e  disassembly of t h e  lower ha l f  of t h e  tester and 
t h e  removal and i n s t a l l a t i o n  of test  specimens w i t h i n  a p r o t e c t -  
i v e  atmosphere. 
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Within the  chamber, p rov i s ion  i s  made for t h e  suppor t  of t h e  
Cb-1Zr a l l o y  con ta ine r  and surrounding s t a i n l e s s  s teel  j a c k e t  
whi le  t h e  specimens a r e  being changed. Also,  space i s  provided 
t o  s t o r e  e x t r a  loading  arm assemblies and f o r  load  a r m  r e c a l i -  
b r a t i o n  between runs.  Vacuum feed-throughs f o r  e l e c t r i c a l  
power, coolan t  ins t rumenta t ion ,  e t c . ,  are l o c a t e d  i n  t h e  chamber 
w a l l s .  General E l e c t r i c  S p e c i f i c a t i o n  N o .  SP-FS10, " I n e r t  
Atmosphere Chamber", l i s t s  a d d i t i o n a l  d e t a i l s  of t h e  chamber. 

4) F a c i l i t y  f o r  T rans fe r r ing  Potassium t o  and from t h e  T e s t e r ,  

Layout of t h e  f a c i l i t y  i n  t h e  t es t  area, t h e  s i z e s  of t h e  va r ious  
components, and t h e  type  and s i z e s  of t h e  va lves  and pumps are 
shown i n  F igure  8. 

Operation of t h e  t r a n s f e r  f a c i l i t y ,  shown i n  F igure  7, is  sum- 
marized i n  t h e  fo l lowing  paragraphs: 

4.1 

4 . 2  

4.3 

The ho t  t r a p ,  i t e m  10 of F igure  7,  i s  evacuated, ou t -  
gassed and charged wi th  p u r i f i e d  potassium through 
valve K.  The f i l l i n g  can be accomplished by decreas-  
ing t h e  p r e s s u r e  i n  t h e  hot  t r a p  through va lve  P or 
by p r e s s u r i z i n g  t h e  potassium i n t o  t h e  t r a p .  With 
a l l  va lves  t o  t h e  hot  t r a p  c l o s e d ,  t h e  potassium i s  
p u r i f i e d  f o r  approximately 50 hours a t  a temperature of 
1400°F i n  t h e  f a c i l i t y  hot  t r a p .  

The f r i c t i o n  tester i s  evacuated t o  10 t o r r .  I n i t i a l  
pumping i s  accomplished wi th  a l i q u i d  n i t r o g e n ,  cold- 
trapped mechanical vacuum pump, i t e m  6 of F igure  7, -3 
through va lves  J and F. A t  a p r e s s u r e  of 1 t o  5 x 10 
t o r r ,  valve F i s  c losed ,  va lve  A i s  opened and t h e  high 
vacuum is  achieved by means of a g e t t e r - i o n  pump, i t e m  
1. It is  estimated t h a t  a 150 1/sec pumping 
speed w i l l  be adequate t o  achieve  t h e  10- t o r r  vacuum 
i n  a 15-hour per iod .  The l i n e s  from t h e  g e t t e r - i o n  
pump t o  t h e  f r i c t i o n  tester w i l l  be l i n e - t r a c e d  wi th  
e l e c t r i c  h e a t e r s  and the  f r i c t i o n  tester w i l l  be hea ted  
with t h e  a u x i l i a r y  h e a t e r ,  i t e m  4 ,  t o  provide  a tempera- 
t u r e  of 750°F f o r  ou tgass ing .  

-9 

Pressure  i n  t h e  f r i c t i o n  tester i s  inc reased  t o  ambient 
pressure  wi th  h igh  p u r i t y  helium through va lve  D, a f t e r  
c los ing  va lve  A ,  and t h e  Cb-lZr a l l o y  c o n t a i n e r  i n  t h e  
t e s t  r i g  i s  f i l l e d  wi th  approximately 7.5 pounds of t h e  
hot t rapped  potassium by p r e s s u r i z i n g  t h e  hot  t r a p  
through va lve  N and opening va lve  C .  
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4.4  With t h e  proper cover-gas p r e s s u r e  app l i ed  through 
va lve  D,  t h e  environment chamber, i t e m  9 ,  a t  a 
s l i g h t l y  p o s i t i v e  iner t -gas  p r e s s u r e ,  t h e  l i q u i d  
l e v e l  gauge i n  operation , i t e m  8 (see P a r a g r a p h ' 6 ) ,  
and v a l v e  C c losed ,  the f r i c t i o n  tests may be con- 
ducted. During t h e  f r i c t i o n  tests, t h e  a u x i l i a r y  
hea t ing  and cool ing  s y s t e m  w i l l  be switched t o  t h e  
cool ing  cycle t o  cool t h e  bear ings  and f l anges .  
The Taylor p r e s s u r e  t r a n s m i t t e r ,  i t e m  1 5 ,  w i l l  
monitor t h e  p r e s s u r e  i n  t h e  f r i c t i o n  tester and 
con t ro l  t h e  a i r  pressure  on t h e  concave s i d e  of 
t h e  metal  diaphragm on top  of t h e  test  r i g .  A i r  
p r e s s u r e  w i l l  t r a c k  the helium p r e s s u r e  i n s i d e  
t h e  f r i c t i o n  tester and prevent  h igh  stresses from 
occur r ing  i n  t h e  metal diaphragm dur ing  t h e  h igh  
p r e s s u r e  opera t ion .  

4.5 A t  t he  conclusion of the f r i c t i o n  tes t ,  va lve  G 
w i l l  be opened and t h e  bulk of t h e  potassium 
dumped i n t o  t h e  waste tank ,  i t e m  12. The f r i c t i o n  
tester may be f lu shed  with a d d i t i o n a l  potassium 
from t h e  hot  t r a p  and dumped i n t o  t h e  waste tank  
by p r e s s u r i z i n g  through va lve  D. The a u x i l i a r y  
hea t ing  and coo l ing  s y s t e m  w i l l  be switched t o  
hea t ing  t o  prevent f r eez ing  of t h e  potassium i n  
t h e  tester. 

4.6 The f r i c t i o n  tester w i l l  con ta in  some r e s i d u a l  po- 
tassium which must be removed. This w i l l  be ac- 
complished by d i s t i l l i n g  t h e  potassium by apply ing  
hea t  wi th  t h e  l i n e  hea te r s ,  a u x i l i a r y  hea t ing  f l u i d ,  
and bakeout h e a t e r s  i n  t h e  f r i c t i o n  tes te r  and ev- 
acua t ing  t h e  t e s t e r  with t h e  mechanical pump through 
t h e  co ld  t r a p s ,  i t e m s  11 and 7 ,  and v a l v e s  J and F. 
The combination of hea t ,  mechanical and cryopumping 
should vapor ize  a pound of potassium i n  less than 
24 hours.  

4.7 A f t e r  a l l  t h e  potassium has been vaporized from t h e  
test r i g  and has been condensed on t o  t h e  co ld  t r a p ,  
i t e m  7 ,  va lve  F i s  closed, va lve  A i s  opened a n d ' t h e  
system pumped t o  a pressure  of lo-' t o r r .  

4.8 The p r e s s u r e  is increased t o  ambient p r e s s u r e  w i t h  
p u r i f i e d  helium by opening va lve  D, t h e  tester is  
disassembled and new specimens are i n s t a l l e d  i n  t h e  
f r i c t i o n  t e s t e r  by working through t h e  environment 
chamber. 

hea t ing  t h e  t r a p  and is dumped i n  t h e  waste tank ,  i t e m  
12 ,  w i th  va lves  F and J c losed  and va lve  L open. The 
potassium is  removed from t h e  waste tank  through va lve  
U by p r e s s u r i z i n g  t h e  tank through va lve  T. 

4.9 The potassium on t h e  cold t r a p ,  i t e m  7 ,  i s  melted by 
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4.10 Since t h e  hot  t r a p  w i l l  hold s e v e r a l  charges of po tas -  
sium f o r  t he  tester,  it w i l l  be p o s s i b l e  t o  conduct 
the second test s t a r t i n g  w i t h  the  procedure of para- 
graph of 4.2. 

5) Liquid Level Measurement. 

The l i q u i d  l e v e l  of t h e  potassium i n  t h e  f r i c t i o n  tester w i l l  be 
measured w i t h  an O h m a r t  Model GMP gauge ( i t e m  8 of F igure  8 ).  
This method of measurement ope ra t e s  on the  p r i n c i p l e  of absorp- 
t i o n  of gamma r a d i a t i o n  by t h e  potassium. The s y s t e m  c o n s i s t s  
of a gamma source  c o l l i n e a t e d  t o  pas s  i t s  r a y  through the  en- 
vironment chamber and f r i c t i o n  tes ter  w i t h  a counter  t o  p i ck  
up t h e  r e s u l t i n g  r a y s  and conver t  them t o  an e lec t r ica l  read- 
ou t .  The quoted accuracy f o r  t h e  proposed s y s t e m  is  f 1/8 inch 
w i t h  a t i m e  cons t an t  of 1 1/2  minutes.  System p r e c a l i b r a t i o n  
w i t h  a f l u i d ,  having a absorpFiv i ty  equal t o  t h a t  of potassium, 
w i l l  improve t h e  .accuracy of t h e  measurement. 

6) Safety.  

F igure  8 shows the  o v e r a l l  test f a c i l i t y  and f r i c t i o n  tester 
bounded on three sides by the  masonry wal l s  of t he  test area 
and on t h e  f o u r t h  s i d e  by a series of instrument c o n t r o l  pane l s  
and two s l i d i n g  doors which w i l l  be c l o s e d  du r ing  a l l  high 
p res su re  t e s t i n g  ope ra t ions .  As mentioned p r e v i o u s l y ,  t h e  test 
area i s  connected t o  a scrubber system t o  c o l l e c t  fumes i n  t h e  
event  of potassium leakage. 

Four high-pressure s y s t e m  c o n t r o l  va lves  w i l l  be remotely oper- 
a t e d  from the instrument c o n t r o l  pane l  (F igure  8 ).  Valve 
D w i l l  i nc rease  the  i n e r t  gas cover p r e s s u r e  i n  t he  f r i c t i o n  
tester;  va lve  C w i l l  i n c r e a s e  t h e  l i q u i d  l e v e l  i n  t h e  f r i c t i o n  
t e s t e r ;  va lve  G w i l l  decrease the  Liquid l e v e l  i n  t h e  f r i c t i o n  
tester;  va lve  P w i l l  decrease  t h e  p r e s s u r e  i n  t h e  ho t  t r a p  and 
i n  conjunction w i t h  va lve  C,  decrease t h e  i n e r t  gas p r e s s u r e  
i n  t h e  f r i c t i o n  tester. 

Instrumentation. The f r i c t i o n  and wear test  r i g  r e q u i r e s  i n s t r -  
umentation f o r  t h e s e  measurements: 

1) Temperature of t h e  test s e c t i o n ,  bea r ings ,  f l a n g e ,  
chamber w a l l s ,  coo lan t .  

2) P res su re  i n  t h e  t es t  chamber. 

3 )  Spindle  speed. 

4)  Vibra t ion .  
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5)  Test specimen load. 

6) Torque caused by f r i c t i o n  between t h e  test  specimens. 

1) Temperature. 

Two 0.125-inch OD x 0.32-inch t h i c k  w a l l  thermocouple w e l l s  w i l l  
be l o c a t e d  on t h e  loading  arm, as shown i n  F igure  9 . They w i l l  
be attached t o  t h e  arm by brazing t o  t h e  type  304L S S  a r m  
through t h e  i n t e g r a l  f l a n g e  p e n e t r a t i n g  i n t o  the  environmental 
chamber and by s t r app ing  t o  t h e  TZM a r m  w i t h  tantalum s t r a p s .  
S ince  s t r a p p i n g  t h e  w e l l s  t i g h t l y  a g a i n s t  t h e  test specimen w i l l  
a s s u r e  good temperature readings ,  t h i s  s y s t e m  of tempera tures  
measurement i s  expected t o  be very r e l i a b l e .  It  i s  expected 
t h a t  the  use  of thermocouple w e l l s  and r ep laceab le  thermocouples 
(chromel-alumel wires sheathed i n  0.040-inch OD Inconel tubes)  
w i l l  p revent  excess ive  downtime of t h e  test r i g  f o r  thermocouple 
replacement,  which would l i k e l y  be r e q u i r e d  i f  swaged, tantalum- 
sheathed thermocouples were bonded d i r e c t l y  t o  t h e  TZM arm. The 
p r e s e n t  des ign  r equ i r ed  a minimum number of vacuum-tight w e l d  or 
braze  seals. The sequence of f a b r i c a t i o n  provides  t h a t  t h e  w e l l  
b r azes  be made before  t h e  bellows are welded t o  the  f l a n g e  so  t h a t  
the bellows w i l l  no t  be subjec ted  t o  t h e  high temperatures of t h e  
b raz ing  cycle. 

The potassium sump temperature w i l l  be monitored by a chromel- 
alumel thermocouple as shown i n  F igure  10 .  This method w a s  
chosen t o  minimize the number of vacuum feed-throughs,  s i m p l i f y  
f a b r i c a t i o n  by e l i m i n a t i n g  a Cb-1Zr a l l o y - t o - s t a i n l e s s  s teel  
j o i n t  and t o  f a c i l i t a t e  r ap id  thermocouple replacement wi thout  
shutdown of t h e  tester. During assembly of t h e  components, t h e  
Cb-1Zr a l l o y  con ta ine r  w i l l  be fo rced  downward t o  a s s u r e  p o s i t i v e  
c o n t a c t  of i t s  bottom su r face  w i t h  t h e  thermocouple w e l l .  

Two chromel-alumel thermocouples w i l l  be pos i t i oned  i n  t h e  
s t a i n l e s s  s teel  wal l  of t h e  t e s t e r  and p e n e t r a t e  almost t o  t h e  
races of each main s h a f t  bearing. 

Three chromel-alumel thermocouples w i l l  be l o c a t e d  around the  
main f l a n g e ,  j o i n i n g  the  tester and the  i n e r t  atmosphere chamber 
a t  120° i n t e r v a l s .  The thermocouples w i l l  be l o c a t e d  on t h e  free 
s i d e  of t h e  f l a n g e ,  and w i l l  no t  r e q u i r e  access ho le s  through 
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Figure 10 .  Location of Thermocouple to Measure Temperature of 
Potassium in Sump. 
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either the tester or the inert atmosphere chamber walls. 

Two chromel-alumel thermocouples will be located in wells at the 
entrance and exit lines of the coolant, providing inlet tempera- 
ture control as well as a means of estimating the amount of heat- 
ing or cooling being accomplished,during operation. 

Two chromel-alumel thermocouples will be located on the Inconel 
718 membrane,a short distance from the magnets,to monitor the 
temperatureiof the membrane when the magnets are transmitting 
power, This assures that the membrane is capable of withstand- 
ing the imposed pressure load, and also gives a rough approxi- 
mation of the temperature of other components at the upper end 
of the chamber. 

Four chromel-alumel thermocouples will be located on the outer 
wall of the friction tester and one chromel-alumel thermocouple 
will be located at the getter-ion pump to monitor and control 
the bakeout. 

2) Pressure. 

0 Since loss of helium pressure during 1600 F potassium operation 
will cause immediate and violent boiling of the potassium, re- 
sulting in burn-out of the potassium heater, the power supply 
to the potassium sump heater will be automatically disrupted if 
a loss of helium pressure should occur. 

Pressure gauges will be used on both the helium cover-gas system 
and the air back-pressure system (backing the Inconel 718 membrane). 
The helium pressure will provide a signal which will actuate the 
air pressure valve to maintain equal pressures for membrane protect- 
ion. 

Vacuum will be measured by General Electric trigger discharge gauge 
Model No. 22GT214. 

3) Speed. 

An electro-magnetic,high-voltage, pickup, Model 3045, manufactured 
by the Electro Products Laboratories,will measure shaft speed. 
This device is positioned in the wall of the shaft housing close 
to the shaft and for pickup uses the passage of each of twenty 
teeth machined into a Type 410SS sleeve over the shaft. NO ac- 
cess holes are required through either the friction tester or 
the inert atmosphere chamber walls. 

4) Vibration. 

0 Vibration will be measured at two locations, 90 apart, at each 
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set of main bear ings.  The pickups w i l l  not  p e n e t r a t e  e i ther  t h e  
tester o r  t he  i n e r t  atmosphere chamber w a l l s .  

5 )  T e s t  Specimen Load. 

The normal load  appl ied  on the  test specimens w i l l  be imposed by 
dead weights.  Ca l ib ra t ion  of t h e  p e r t i n e n t  tare  weight involved 
is  planned by having a c a l i b r a t i o n  s t and  i n s i d e  t h e  i n e r t  atmos- 
phere chamber. The c a l i b r a t i o n  procedure is  descr ibed  b r i e f l y  
i n  Quarter ly  Progress  Report No. 1 (Ref*  'I. P rov i s ions  w i l l  be 
made f o r  p r e s s u r i z a t i o n  of the load ing  arm bellows dur ing  cal i -  
b ra t ion .  

6) Torque. 

A r i n g  type load  ce l l  w i t h  four  s t r a i n  gauges mounted i n t e r n a l l y  
t o  form a br idge  w i l l  measure f r i c t i o n a l  torque.  Wiancko Force 
Pickups,  F1021, were se l ec t ed  and w i l l  have a range of 0 .2  t o  
20 l b s .  wi th  an accuracy of f 0.1%. C a l i b r a t i o n  of t h e  f o r c e  
pickups i s  descr ibed  i n  Quar t e r ly  Progress  Report No. l ( R e f .  1). 
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Q. FUTURE PLANS 

The summary which fol lows enumerates t h e  s t e p s  t o  be 
pursued dur ing  t h e  succeeding qua r t e r  t o  implement t h i s  s tudy .  

1) Complete r e c e i p t  of cor ros ion  and dimensional s t a b i l i t y  test  
specimens; o r d e r  and r ece ive  hot hardness ,  thermal expansion and com- 
p r e s s i o n  test  specimens f o r  t h e  14 candida te  materials. 

2) Complete checkout of the potassium p u r i f i c a t i o n  system and 
p u r i f y  potassium f o r  f i r s t  cor ros ion  test run. 

3) Complete checkout run  of co r ros ion  tes t  f a c i l i t y  and i n i t i a t e  
t e s t i n g  of 6 materials a t  t h e  three test temperatures.  

4 )  Setup and conduct checkout run f o r  t h e  dimensional s t a b i l i t y  
test  f a c i l i t y  and i n i t i a t e  specimen t e s t i n g  a t  two t e s t  temperatures .  

5) Complete checkout tests on the  hot hardness ,  thermal expansion 
and compression f a c i l i t i e s  and i n i t i a t e  t e s t i n g .  

6) Complete a l l  detai l  drawings and a s soc ia t ed  s p e c i f i c a t i o n s  f o r  
t h e  l i q u i d  potassium f r i c t i o n  and wear test r i g  and forward i n q u i r i e s  
t o  vendors f o r  quota t ions .  

7) Complete heat t r a n s f e r  ana lys i s  f o r  l i q u i d  potassium f r i c t i o n  
and wear tester. 

8) Prepare  i n s t a l l a t i o n  and ope ra t ion  procedures f o r  t h e  l i q u i d  
potassium f a c i l i t y  and tester and formula te  pre l iminary  test p lans .  
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